In Poland, like in other developed countries, 6.3% of babies are born prematurely. Preterm babies suffer from numerous health issues. The aim of the study was to assess body adiposity in preterm children at the beginning of school age. The study population consisted of 61 children aged 5 to 8 years who had been born preterm. We performed standard anthropometric measurements according to internationally recognized methodology. The following parameters were used: Body Weight (BW), Body Heigh (BH), Waist Circumference (WC), Body Mass Index (BMI), Waist to Height Ratio (WtHR), Triceps Skinfold Thickness (TST), Subscapular Skinfold Thickness (SST), Umbilical Skinfold Thickness (UST), as well as total sum of the above parameters, or the Global Adiposity (GA). The anthropometric measurements were taken according to international anthropometric methodology. All anthropometric parameters for body adiposity were significantly lower in the study population than in the reference system. We found a statistically significant relationship between: the number of fetuses and: UST (p = 0.007) and z-score UST (p = 0.030); combined number of unfavorable perinatal events: and UST (p = 0.013) and z-score UST (p = 0.007), GA (p = 0.038) and z-score GA (p = 0.040). Preterm children who are about to start school have significantly lower values of anthropometric features that characterize their body adiposity. In preterm children at early school age number of fetuses diversifies UST; and combined number of unfavorable perinatal events diversifies UST and GA. It is recommended that more studies are conducted on positively oriented modification of body adiposity in these children, as well as its long term monitoring.
between body mass at birth and gestational age the following can be distinguished: small for gestational age, normal for gestational age, and large for gestational age 12, 13 . Children small for gestational age are known to have disrupted signal generation in response to leptin in the arcuate nucleus of the hypothalamus and reduced number of neurons of the satiety center, which results in increase in the amount of food intake. Adipose tissue in this group of children is programmed for increased proliferation and storage of fats. It is accompanied by changes in various organs associated with prematurity, including kidneys (disturbed nefrogenesis), lungs (limited development of alveoli) and blood vessels 14 . Our observations have shown that preterm children have usually poor adiposity development at the beginning of school age. Balanced examination of school readiness of children born prematurely, enriched with the measurements of thickness of three skinfolds and waist circumference, could explain the role of selected perinatal factors (unfavorable perinatal events) in differentiation of the values of some anthropometric parameters describing body adiposity 15 .
Aim of the study. The aim of the study was to assess body adiposity in preterm children at the beginning of school age. The main goal of this study was to determine whether such factors as being born from the first or subsequent pregnancy, one-or multi-fetal pregnancy, term and way of delivery, Apgar score at fifth minute of life and birth weight, combined number of unfavorable perinatal events discriminate value of anthropometric parameters characterizing body adiposity (skinfold thickness, global adiposity, body mass index, waist circumference, waist to height ratio) in preterm children assessed before they started school.
Material and Method
Out of 200 prematurely born children hospitalized in the Clinical Regional Hospital No. 2 in Rzeszow invited to the study, 62 children responded positively and 61 completed the full study. Finally the study population consisted of 61 children, aged 5-8 years, who had been born preterm. The study was conducted before the children started school. The significant diversity in the age of the study population resulted from the fact that some of the children were qualified to start school a year earlier, while the others obtained permission to start school a year late (6.38 years, Me = 6 years, s = 0.73). The study population consisted of 29 boys (48%) and 32 girls (52%). We conducted a perinatal questionnaire and learned that the study population were born from pregnancies of various order, e.g. first, second etc. (Table 1A) , from either single or multiple pregnancy (Table 1B) , of premature delivery (Table 1C ), through caesarean section or vaginal delivery (Table 1D ). They were born in different health condition (Table 1E ) and had different body mass (Table 1F ). The birth weight of the examined children was evaluated in relation to the gestational age 12, 13 . The Fenton preterm growth chart was used as the reference system 13 . By plotting weight vs. gestational age, each infant is classified at birth as: Small for Gestational Age (SGA), Normal for Gestational Age (NGA) and Large for Gestational Age (LGA) ( Table 1G) . They had a different number of unfavorable perinatal events either (Table 1H ). This indicator has already been applied 14 . Such a detailed collection of data was possible on the basis of an interview with parents and an insight into the Hospital Discharge Summary Reports they brought. Unfortunately, the attempt to collect reliable data on nutrition in infancy failed due to the inability to verify data based on medical records.
The approval to conduct the study was obtained from the Bioethics Commission at the Medical Faculty of the University of Rzeszow (first resolution 7/12/2012, last resolution 6/2/2017). Informed consent was obtained from parents of all participated children. The parents were present during anthropometric examinations of their children which were carried out in accordance with relevant guidelines and regulations. The study was conducted in the years 2015-2016 at the Institute of Physiotherapy of the University of Rzeszow and at the Centre for Innovative Research in Medical and Natural Sciences, Medical Faculty of University of Rzeszow.
The assessment of body adiposity based on anthropometric parameters consisted in taking measurements, calculating indices, comparing the obtained data with the reference system 5, 6 and interpreting the obtained results. The anthropometric measurements were taken according to international anthropometric methodology. We measured the following parameters: Body Weight (BW), Body Height (BH), Waist Circumference (WC), Triceps Skinfold Thickness (TST), Subscapular Skinfold Thickness (SST), Umbilical Skinfold Thickness (UST) and obtained Body Mass Index (BMI), Waist to Height Ratio (WtHR), as well as total sum of the these three skinfolds -the Global Adiposity (GA). We used medical scales (kg), anthropometer (cm), anthropometric tape (cm), the body fat caliper -Harpender spring caliper (mm). Measurement of the thickness of skinfolds was made on the right side of the body, three times, and then the arithmetic mean was calculated. The measurements were performed by an experienced pediatrician conducting research in the field of anthropometry 5, 6 . We analyzed the obtained material according to the age groups and gender, along with general norms. The reference system were also the parameters presented by , in accordance with the methodology of this study 5, 6 . We calculated the z-score parameter for each child. Also we categorized nourishment state in reference to the z-score BMI values interpretation of the indices 8 . The value of WtHR index >0.5 was considered as a criterion of abdominal obesity (content of visceral fat in children) 9 . The reference system did not include WC, WtHR 5,6 , but the indicated value of WtHR is a diagnostic criterion, regardless of gender and age, used in children 9 .
Methods of statistical analysis. We conducted the statistical analysis of the obtained material in the Statictica 10.0 software package by the StatSoft company. We used the W Shapiro-Wilk test to verify if the distribution of the studied variables was normal, and the Student t-test to assess differences in the mean value of the numerical feature in two populations for independent variables, or, alternatively, the non-parametric Mann-Whithey U-test. Also, we used the one-way Anova test to assess differences in mean value of numeric feature in more than two populations, or, alternatively, the non-parametric Kruskal-Wallis Anova. In order to determine correlations of two variables that did not meet the criterion of normal distribution, we used the Spearman's rank correlation coefficient. We used Pearson's chi-squared test to analyze variables that were qualitative data. Statistical significance was p < 0.05.
Results
All collected anthropometric parameters (BW, BH, BMI, TST, SST, UST, GA) were statistically significantly lower in the study population than in the growth reference values (p < 0.05) ( Table 2A) .
The values that were below zero for x and Me -the parameters that characterize the z-score -revealed that the study population in general had lower values for BMI, TST, SST, UST, GA than the reference population (Table 2B) . LGA -body mass at birth relation to gestational age >90 percentile 8 13.0
H. Combined number of unfavorable perinatal events (one event scores 1 point):
respiratory failure, respiratory distress syndrome: bronchopulmunary displasia, congenital pneumonia, pneumonia, pneumothorax, respiratotheraphy, passive oxygen therapy, hyperbilirubinaemia, anemia, thrombocytopenia, leukopenia, bleeding from respiratory, gastrointestinal, tract/cardiac tamponade, Rhesus incompability in main groups, blood or blood devirative transfiusion, exchange transfusion, hypoxic ischaemic encephalopathy, periventricular leucomalacia, intraventicular haemorrhage of I-IV degree, epilepsy, convulsions different than in epilepsy, apnea, retinopathy of prematurity, patent ductus arteriosus, TORCH infections, intrauterine infections, sepsis, purulent menangitis, encephalitis, bacterial infection of digestive system, urinary tract infection, necrotizing enterocolitis, gastro-oesophageal reflux, hipoglicemy, hipocalcemy, osteopenia of prematurity, intravenous administration of drugs, parenteral feeding, enteral feeding, procedure in general anesthesia. www.nature.com/scientificreports/ We categorized nourishment state in reference to the z-score BMI values. 34.5% of the study population had body weight deficiencies (11.5% were malnourished, and 23% were underweight) and 3.2% had body weight excess (1.6% overweight, and 1.6% obesity) (Table 2C ). Criterion of abdominal obesity (content of visceral fat in children) was fulfilled at 8% of respondents: one boy with obesity, one girl with overweight, two boys with correct state of nutrition, one girl with correct state of nutrition (Table 2D) .
We found a statistically significant relationship between gender and GA (p = 0.039). The relationships between gender and TST (p = 0.068) and between gender and SST (p = 0.054) were close to the statistical significance. The GA value and both skinfold values were higher in females. We found a statistically significant relationship between z-score TST and the gender of the subjects (p = 0.007). Girls had values closer to 0 in the values of the growth reference charts. The remaining parameters (BMI, WC, WtHR, z-score BMI, z-score SST, z-score UST, z-score GA) were not significantly different for the two groups (p ≥ 0.05) (Table 2E) .
We observed no statistically significant relationships between anthropometric parameters (BMI, WC, WtHR, UST, z-score BMI, z-score UST, z-score GA) and the number of pregnancies (p ≥ 0.05), yet we noted lower values for third and subsequent pregnancies, close to statistical significance: TST (p = 0.057), SST (p = 0.069) and GA (p = 0.050). The z-score TST relationship (p = 0.084) and z-score STT relationship (p = 0.071) were close to the significance threshold. The values for the first and second delivery were closer to the values from the growth reference charts than those for the third and subsequent deliveries (Table 2F ).
There was a statistically significant relationship between UST and number of foetuses (p = 0.007) -the UST parameter decreased with increasing number of foetuses. Post-hoc test (multiple comparisons test) revealed statistically significant differences between the value of this parameter for single and triplet pregnancies (p = 0.005). It did not reveal, however, significant differences between single and twin pregnancies (p = 1.000) or between twin and triplet pregnancies (p = 0.051); though in the latter case the relationship was close to statistical significance. We found that the relationship between GA and the number of foetuses was close to statistical significance threshold (p = 0.056). The most noticeable difference for this parameter was between single pregnancies or twin pregnancies and triplet pregnancies. The relationship between z-score UST and the number of foetuses was statistically significant (p = 0.030). The more foetuses were in a pregnancy, the more the values were different from those for the growth reference system. Post-hoc test (multiple comparisons test) revealed statistically significant differences between the value of this parameter for single and triplet pregnancies (p = 0.027), yet it did not reveal differences between the values for single and twin pregnancies (p = 1.000) and twin and triplet pregnancies (p = 0.104). We found no statistically significant relationships between anthropometric features, such as: BMI, WC, WtHR, TST, SST, z-score BMI, z-score TST, z-score SST, z-score GA and the number of foetuses (p ≥ 0.05) (Table 3A ).
It points out that a relationship was statistically significant for both the number of fetuses and UST (p = 0.007) as well also the number of fetuses and z-score UST (p = 0.030) (Table 3A) .
There were no statistically significant relationships between the gestational week of delivery and collected anthropometric parameters related to body adiposity: BMI, WC, WtHR, TST, SST, UST, GA, z-score BMI, z-score TST, z-score SST, z-score UST, z-score GA (p ≥ 0.05) (Table 3B) .
We did not find statistically significant relationships between collected anthropometric parameters related to body adiposity: BMI, WC, WtHR, TST, SST, UST, GA, z-score BMI, z-score TST, z-score SST, z-score UST, z-score GA and the kind of delivery (p ≥ 0.05) (Table 3C) .
We did not find statistically significant relationships between anthropometric parameters: BMI, WC, WtHR, TST, SST, UST, GA, z-score BMI, z-score TST, z-score SST, z-score UST, z-score GA and a baby's Apgar score at their 5 th minute after birth (p > 0.05) (Table 3D) .
Also, there were no statistically significant relationships (p ≥ 0.05) between birth weight and collected anthropometric parameters related to body adiposity: BMI, WC, WtHR, TST, SST, UST, GA, z-score BMI, z-score TST, z-score SST, z-score UST, z-score GA (Table 4A) , and between body mass at birth in relation to gestational age: SGA, NGA, LGA and collected anthropometric parameters related to body adiposity: BMI, WC, WtHR, TST, SST, UST, GA, z-score BMI, z-score TST, z-score SST, z-score UST, z-score GA (Table 4B) .
We found statistically significant relationships between the gestational week of delivery and combined number of unfavorable perinatal events (p < 0.001). The lower was the gestational week of delivery, the higher was combined number of unfavorable perinatal events (Table 4C) .
We found a statistically significant relationship between UST and combined number of unfavorable perinatal events (p = 0.012), GA and combined number of unfavorable perinatal events (p = 0.038), z-score UST and combined number of unfavorable perinatal events (p = 0.007), z-score GA and combined number of unfavorable perinatal events (p = 0.040). There were no statistically significant relationships between combined number of unfavorable perinatal events and collected anthropometric parameters related to body adiposity: BMI, WC, WtHR, TST, SST, z-score BMI, z-score TST, z-score SST (p ≥ 0.05) (Table 4D ).
Both the relationship between combined number of unfavorable perinatal events and UST (p = 0.007), as well as GA (p = 0.038) and also combined number of unfavorable perinatal events and z-score UST (p = 0.030), and z-score GA (p = 0.040) were statistically significant (Table 4D) .
There was a statistically significant correlation between BMI and WC, WHtR and GA both in boys and girls (p < 0.05) (Table 4E ).
Discussion
In both female and male children in the age group from five to eight years, rather stable rate of BMI, TST, SST, UST and GA skinfold growth was observed 5, 6 . It was noted that, statistically, in the examined group of preterm children the absolute values for BMI, thickness of skinfold of TST, SST, UST and GA were significantly lower than in the reference groups. Other studies present that in a group of preterm children aged two, the WC was significantly greater and the BMI was similar to the parameters shown in growth reference charts of the peers. www.nature.com/scientificreports/ In children aged five, WC was similar, whereas the BMI was significantly lower. A conclusion has been made that this state indicates an increase of content of visceral fat in preterm children 11 . What is more, a study on five-year-old preterm children has demonstrated that there is a similarity in GA (based on measurements of ten skinfolds) of extremely premature children (born before 26 weeks gestational age) and children born in the 26 th gestational week and later. No difference in visceral fat distribution has been shown by an additional measurement of WC 16 . 34.5% of the examined group had body weight deficiencies (11.5% were malnourished, 23.0% were underweight) and 3.2% had body weight excess (1.6% overweight, 1.6% obesity). Criterion of abdominal obesity (content of visceral fat in children) was fulfilled in 8.0% of respondents. A strong correlation between BMI and WC, WHtR and GA was found in examined boys and girls. Statistically significant correlation was shown between gender and GA, and z-score TST. In females the results were closer to the values of the reference charts. The fact is, that the appearance of excessive adipose tissue in groups of children and adolescents depends both on the age and gender. For example, in Portugal it was observed that in children over nine years of age obesity increased in females and decreased in males 17 . In another study, not only anthropometric methods, but also densitometry was used to find a contradictory relationship. Preterm born adults, particularly male, presented with significantly increased fat content, distribution of which pointed to abdominal obesity. Similarly, disadvantageous location of adipose tissue was then found in their children born on time. At the same time, the study has proven the influence of preterm birth of a parent on obesity in their child 10 . It has also been revealed that higher risk of obesity generally occurs in preterm children or children with macrosomia, whose mothers had been diagnosed with obesity 18 . These examples present the influence of paragenetic and genetic factors on the process of ontogenesis 19 .
The way in which z-score TST and z-score SST were related to the number of pregnancy, was close to statistical significance. Lower values of such parameters were obtained in children from the third and subsequent deliveries. Furthermore, it has been shown that the number of pregnancies, but also the mother's age, education, kind of her occupation and material status are the factors which influence her dietary habits 20 . As it has been found, subsequent children (born on time) appear to have tendency to be larger in size 19 . Moreover, women born from first pregnancies present greater risk of obesity than their sisters from subsequent pregnancies 21 . Higher likelihood of obesity is also characteristic of daughters from first pregnancies of obese mothers. These examples emphasise the need of educational strategies aimed at generations to curb the obesity cycle which happens repeatedly 22 .
As it has been found, body sizes of 20.0% of children from multiple pregnancies were lower than the body sizes of the children from single pregnancies 23 . Our study revealed that significantly lower UST and z-score UST appeared in preterm children from multiple pregnancies.
In children from caesarean sections, a greater risk of developing obesity in preschool age was revealed 24 . In our study, no correlation was found between gestational week of delivery or the kind of preterm delivery, and BMI, WC, WtHR, TST, SST, UST, GA, z-score BMI, z-score TST, z-score SST, z-score UST, z-score GA at the beginning of school age.
We did not find statistically significant relationships between anthropometric parameters: BMI, WC, WtHR, TST, SST, UST, GA, z-score BMI, z-score TST, z-score SST, z-score UST, z-score GA and a baby's Apgar score at their 5 th minute after birth. The results of the questionnaire on the indicative study of motor and psychosocial development in terms of school readiness are differentiated by the post-natal Apgar score (in the areas of child's functioning -high motor skills, visual-motor coordination, memory and total score) in examined group. The lower baby's Apgar score at their 5 th minute after birth, the lower results of the questionnaire 15 .
Also, there were no statistically significant relationships (p ≥ 0.05) between birth weight and collected anthropometric parameters related to body adiposity: BMI, WC, WtHR, TST, SST, UST, GA, z-score BMI, z-score TST, z-score SST, z-score UST, z-score GA (Table 4A) , and between body mass at birth in relation to gestational age: SGA, NGA, LGA and collected anthropometric parameters related to body adiposity: BMI, WC, WtHR, TST, SST, UST, GA, z-score BMI, z-score TST, z-score SST, z-score UST, z-score GA. The results of the questionnaire on the indicative study of motor and psychosocial development in terms of school readiness are differentiated by birth weight (in terms of hand-and-eye coordination) in this study group. The lower the birth weight, the lower results of the questionnaire 15 . The fact is, that the activity of fat tissue is reflected by adipokines concentration in blood. Preterm birth and low birth weight, in relation to gestational age, in children from both single and multiple pregnancies, are connected with lower adiponectin value 25 . As it is known, adiponectin enhances insulin sensitivity, resistin increases insulin resistance, and leptin has anorexigenic activity 26 .
There is also a connection between the energy intake and expenditure. Adipose tissue development is stimulated by excessive consumption of energy rich food 27 . There is a relationship between lowered general function and increased skinfold thickness (in particular, on the trunk), in preschool children 28 . On the contrary, it has been revealed that body adiposity is decreased by increasing physical activity in children from eight to twelve years of age 29 . The necessity of introduction of dietary supplements appears in children with low birth weight, malnutrition and delayed growth process, followed by the brain growth and neurodevelopmental deficits. Along with increased growth process, introduction of dietary supplements causes increase in visceral fat, and, in consequence, higher risk of metabolic and cardiovascular complications. The mechanism of this effect is connected to secondary hyperinsulinemia, to increased insulin resistance and down regulation of β 3 -adipocyte adrenoceptor 30 . Also, careful observation of body mass is crucial during the introduction of dietary intervention in preterm children 31 . Our study did not analyze the relationship between infant nutrition, diet and physical activity and collected anthropometric parameters. In the United Kingdom, and numerous other countries, it is recognised that educative actions should be performed in families with preschool children, to level socioeconomic differences and in order to properly maintain the nutritional status of these children 32 .
It has been found that at their 30 th month of age preterm children with high medical risks had significantly lower body height and head circumference and they are at risk for intraventricular hemorrage grade III or IV, periventricular leukomalacia, and bronchopulmunary dysplasia, more often than children born on time with Table 4 . Characteristics of collected anthropometric parameters related to body adiposity in the examined group (part III).
